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SUMMARY

An investigationwasmadeto determinetheeffectsofhomogenization
treatmentsandofcompositiononthetensilepropertiesofas-csstalloys
intheNi#l-intermetallic-phaseregion.

The13.3-percent-aluminumalloyhadanaveragea5-castroom-
temperaturetensilestrengthof28,650siwithl.O-percentelongation.

8Afterhomogenizationtreatmentsat 1800 F, theroom-teqeraturetensile
strengthdecreasedto 20,350psiwith0.2-percentelongation.An alloy
intheNi#l-phaseregioncontaining14percentaluminumhadbetterten-
silepropertiesthanthestoichiometriccomposition(13.3percentalumi-
num);theaverageas-castroom-temperaturetensilestrengthwas39,250 “
psi,andthehomogenizedtensilestrengthwas32,100psi. At 1500°F the
averagetensilestrengthforthe14-percent-aluminumalloywas19,600psi.

ThestoichiomtricNi3Alwasnot“hot-workable”andhadmoderate
impactstr&th. Thestress-rupturestrengthswereevaluatedat1500°,
1600°,and1700°F forthe14-percent-aluminumalloy.The100-hourrup-
turestrengthwasinterpolatedas8600psiat1500°F.

INTRODUCTION

ManyintermetallicssuchasNiAlandNi+l areofinterestforhigh-

temperatureapplicationbecausetheyhavehighmeltingpointsandare
stableathightemperatures.Inreference1 theintermetallicsNiA.1and
Ni#l arediscussedonthebasisofpropertiesobtainedfromas-cast
specimens.Thesewerecoredandalsocontaineda secondsrystructure.
TheNi3Alintermetallicphasewasshowntohavea slightamountofroom-
temperatureductility.

.
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2 NACATN 3660

Inthisinvestigation,thepropertiesofNi#l weredeterminedbefore

andafterhomogenization.Thepropertiesobtainedarealsoco~aredwith ‘“
theas-castpropertiesofNi3Alatroomtemperat~ereportedinreference
1. TwocompositionswiththeNi#llrangewerestudied(fig.1). These
werealloysof13.3and44.0percentaluminumby weight.In additionjthe
hot-workabilityofthestoichiometric(13.3percentaluminum)Ni3A.1phase
wasstudiedby rollingandswagingexperiments.

MATEW&S,APPARATUS,ANDPROCEDURE

SpecimsnPreparation

Materials.- Electro~icnickelchips(99.95percentby weight
nicke~-inch cubesofhighpurityaluminum(99.85percentby weight)
wereusedinthepreparationoftheexperimentalcompositions.

Alloycompositions.- Thedesiredcompositionsandtheanalysesare
shownintableI.

Cmting ,

A descriptionofthecastingtechniquesemployedaregiveninrefer-
ence1. Thefollowingchangesweremadeinthisinvestigation: .

(1)Thenickelwasplacedatthetopofthechargeinth~crucible
rather’thanatthebottom.Thischaugeresultedina meltwitha cleaner “
appearance.

(2)Theholdingtim wasincreasedto 2 ndnutestoallowthemeltto
subsidemorecompletely.

(3)A larger“hottop”wasusedwiththesamecoppermoldto avoid
pipe.Typi&.1castingsareshowninfigures2(a)to (c).

Heat-Treating ,.

A conventionalGlobarfmnacewithanairatmospherewasusedfor
beaktreatmentsandforheatingpriortomechanicalworking.Thespecific
treatmentswillbe mentionedduringthediscussionsofthespecificeffects
studied..

I
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Hot-RolJin.g

Threespecimensofthe13.3-percent-aluminumalloywereusedto
studytherollingbehavior.In orderto insurehomogeneityandstruc-
turalstability,thespecimenswereheatedat2200°F for48hoursprior
torolling.Theingotsizewas1-by 1-by 3-inches(fig.2(b)).The

.
ingotswererolledina 4-highrollingmillwith&inch-diameterwork-

ingrolls.Thespecimensweresoakedfor1 hourattherollingtempera-
ture.Ittookabout3 secondstomovethespecimenfromthefurnaceto
therolls.

Eot-Swaging

Twospecimensofthe13.3-percent-aluminumalloywereusedto study
theswagingbehavior.Roundtaperedingotsshowninfigure2(c)were
homogenizedat2200°F for48hoursandgroundto0.750-inchdiameter.
Theingotswerepreheatedfor1 hourpriorto swaging.

Machining

Cylindricalsurf&esweregroundusing
However,thegrindingofflatsurfaceswith

siliconcarbidewheels.
siliconcarbideresultedin

badlycheckedsurfacesandsevereedgecracking.Flatsurfaces,freeof
cracksandgrindingcheckswereproducedusingthefollowing:

(1)Abrasive:aluminum-oxide,46-mesh,vitreous-bonded,softgrind-
ingwheel

(2)Coolant:waterandsolubleoil

(3)Speed:slow-to-averagetablespeedwitha grindingwheelspeed
of2300to2600surfacefeetperminute

Inspection

Allphysicaltestspecimenswereinspectedbyradiographyandpost-
emulsifierpenetrantoil. Rtiographyshowedthatinternaldefects
occurveryrarely.Specimenswerediscsrdedif surfacedefectswere
found.

_——— —
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4 NACATN 3660

SpecimenEvaluation
2

Short-timetensileevaluation.- Becauseoftheeaseofpreparation
andsuspectedlowductilityofthealloys,conical-endspecimens(fig.
2(d))wereused. Thesespecimenshada l/4-inch-diametergagesection u

.
anda l~inchgagelength.A conventionaltensilemachinewasused,

androom-temperat~estress-straincurveswereobtainedby mans ofa. recordingextensometer.Theloadingratewas4CQ0psiperminutefor w
alltests.Theproportionallimitwasdeterminedfromthe%reak”in ?
thestress-straincurve(seefig.3) andwasusedastheyieldstrength., 0
Forhigh-temperatureevaluations,thespecimensandholderswereenclosed
ina platinum-woundtubefurnaceandtheelongationwasmeasuredtiter
fracture.Alltensiletestswereperformedinair.

Stress-ruptureevaluation.- Conical-end,stress-rupturespecimens
identicalindesignto thoseusedinthetensileevaluationswererun
at1500°F inan airatmosphereusingtheproceduredescribedinrefer-
ence2. Allspecimenswerehomogenizedat1800°F for48hoursbefore
evaluation.

Structuredetermination.- A high-angleX-raydiffractometerwas
usedto obtaindiffractionpatternsforsolidspecimens.

.
A rotating,

flatspecimenholderwasusedtoreduceorientation.effects.AllX-ray
patternsweremadeusingcopperKa radiationwitha nickelfilterand .
a scanningrateof1° 2(3perminute,and1 inchonthechartequalto
20 2e. Patternsweremadeforthealloysintheas-castandhomogen-
ized(1800°F for48hr)conditions.Latticeparameterswerecalculated
by averagingthelatticeparameterscalculatedfromeachdiffraction .
maxifi. Thepurposewasto compsretheas-castandhomogenized
structures.

Densityevaluation.- Densitiesweredeterminedlyweighingthe
specimensinairandwater.

Impactevaluation.- Impacttestswererunori3/16-by 3/16-by l%
inchbarsofthe13.3-percent-aluminumalloythathadbeenhomogenized
at1800°F for48hours.Thetesterwasa modifiedBell.TelephoneLab-
oratoryIzodimpacttester(fig.4)with”atotalcapacityof25.5inch-
pounds. Thespecimenisheldintestingpositionby a vise.Thegrip-
pingforcewasappliedby a deadweightloadexertedonthespecimen
througha leversystem.Theforceonthespecimenwas300pounds.The
specimenis locatedsothatitisstruck1/8inchfromthefreeend.
Impactenergiesreportedareobtainedintheconventional
is,by usingthedifferencebetweentheinitialandfinal
thependulum,andmakingallowancesforfrictionlosses.

manner,that
energiesof

.
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RESULTSANDDISCUSSION

EffectsofCastingMethod

Bothcompositionscoveredby thisreportwereeasilycast.The
ingotswerefreeofporosityandpipe.However,theroom-temperature
as-casttensilestrengthforthe14-percent-aluminumalloywasreduced
about19percent,fromanaverageof48,250psiwith1.7-percentelonga-
tion(ref.1)to anaverageof39,250psiwith1.2-percentelongation
(tableII),by thealterationin castingtechnique.Thisdecreasein
strengthandductilitycanpossiblybe explainedonthebasisofdif-
ferencesinthecoolingratesandtheresultantmicrostructure.The
presentprocedureinvolvestheuseofa largerhottopwhichresultsin
a slowercoolingratefortheingot.Theslowercoolingrateproduces
a coarserstructure.Thiscoarseningcanhe seenby comparingfigures
5(a)and(b)withfigures5(c)and(d).Evidentlythereisa larger
amountofthesecondarystructureandtheshapeofthissecondarystruc-
tureismoreplate-likeinthe14-percent-aluminumalloyreportedin
reference1 thaninthealloysreportedinthisstudy.Thediffering
distributionofthissecondarystructureinthetwoas-cast14-percent-
aludnumalloysmaybe affectingthestrengthandductility.

Thechangeintensilepropertiesis paralleledbya changeinhard-
ness.Theoriginalcastingprocedure(ref.1)resultedina hardness
ofRockwellA-62(table111)forthe14-percent-alundnumalloy,while
thepresentprocedureresultedina hardnessofRockwellA-57(tableIII)
forthesamealloy.It isevidentthattheas-castmechanicalproper-
tiesareverysensitiveto ingotcoolingrate.As investigationwasto
studythepropertiesofthehomogenizedinternetallicco~ound,further
reasonsforthedifferencesin as-caststrengthwerenotinvestigated.

Hot-WorkabilityofStoichiometricNi3Al

It isshow-ninreference1 thattheas-cast14-percent-aluminuma~oy
was“hotshort”at2000°and2400°F. Inthisstudy,ingotsofthe
13.3-percent-aluminumalloywerehomogenizedat2200°F toproducea
structurewhichwouldbe stableattherollingtemperatures.Allat-
temptstohot-rollandhot-~~e thissJJoyfafled.Resultsarelisted—
intablesIVandV.

MechanicalProperties

Effectofhomogenizationontensilestrengthandhardness.- Heat
treatmentswhichhomogenizedthedendriticstructuredecreasedtheten-
silestrengthandelongationofboththe13.3-and14-percent-aluminum
aJloys(tableIIandfigure3). Theaverage.room-temperaturetensile

..—--- ——- —.-— —.--——— . .....— —.-z --- ——.——--——. -- -— —.-
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.

stre@h oftheas-cast13.3-percent-aluminumalloydecreasedfrom
28,650psiwithl.O-percentelongationto 20,350psiwithO.Z-percent
elongationby homogenizationtreatmentat180Cf’F;thetensilestrength
15~0 F W= 10,900pSi. Theaverageroom-temperaturetensilestrength
oftheas-cast14.O-percent-aluminumalloydecreasedfrom39,250psi
with1.2-percentelo~”ationto 32)100psiwith0.4-percentelongation
afterhomogenization;thetensilestrengthat 15000F was19,600psi.
Thedecreasesinelongationwereunexpectedsinceitwasthoughtthata
homogeneousstructurewouldimproveductility.A possibleexplanation
forthelossinstren@hfortheNi3Alphase-from-u-casttohomogenized Po
conditionisthatsincethesecondarystructureisnotcontinuousitis
strengtheningthematerialby a dispersionstrengtheningeffect(fig.6).
However,thelossin strengthwouldbeexpectedtobe accompaniedbya
decreaseinhardness.The14-percent-aluminumalloydidshowa slight
decreaseinhardness,fromRockwellA-57toRockwellA-55(table111),
butthe13.3-percent-aluminumalloyshoweda slightincreaseinhard-
ness,fromRockwellA-53toRockwellA-55(tableIII),whenhomogenized
at18C0°F.

Effectofgrainsize.- Preliminarytestsindicatedthatthehard-
nessofbothalloys(tableIII)decreasedasthegrainsizeincreased.
The14-percent-aluminumalloywaschosenforfurtherstudyofthisef-
fectbecauseitwasstrongerandhadgreaterductility.Heattreatment
at2200°F resultedingraincoarsening(fig.7). Thecoarsegrainsde-
creasedtheroom-temperaturetensilestrengthandductilitjfrom32,100
psiwith0.4-percentelongationto anaverageof 26,250psiwith0.2-
percentelongation(tableII). The1500°F tensilestrengthdecreased
fromanaverageof19,600to 9,900psi (tableVI).

Effectofcomposition.- Littlechangeintensilepropertiesmight
be expectedforsmallcompositionalchangeswithintheNi3A1-phaseregion.
However,thedataindicatelargechangesinbothroom-andelevated-’
temperaturestrengths(tablesII andVI). At roomtemperaturethe14-
percent-aluminumalloyisapproximately58percentstrongerthanthe
13.3-percent-sJ_uminumalloy;at15000F, the14percentaluminumis80
percentstronger.Thisincreasein strengthisnotreflectedinthe
hardnesssincebothalloysareofapproximatelythesamehardness(table
III). Theseresultsshowthatthestrengthsofintermetallicsmaybe
verysensitiveto slightchangesin composition.

Effectoftemperature.- Elevated-temperaturetensilestrengthof
Ni3Al(tableVI)doesnotdecreaserapidlywithincreasingtemperature.
Thiscanbe noted(fig.8)by comparingtherateofreductioninstrength
withthatofconventional,single-phase,nickel-basealloyssuchas
Inconel(ref.3). Therateofdecreasein strengthwithincreasingtem-
peratureforNi#Q is considerablylessthanforInconel.

“
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Impactstrength.- Theimpactstrengthofstoichiometric
comparedto severalhigh-temperaturematerialsasfollows:

Material Impactstrength,
in.-lb

Ni#la 16.2
(13.3percentaluminum) 13.0

10.4
10.3

K-152Ba 2.5

K-162Ba 4.4

Ni3Alis

Infiltratedtitaniumb’c 9.0
carbidecermet

TC-66-I

x_4(3b>d 48.05

aUnnotched.
bNotched.

cDatafromunpublishedreportofThompson
Products,Inc.

%ef. 1.

Whilethevaluesshownintheprecedingtablewereobtainedunder
differingtestconditions,theyarebelievedtobe similsrenoughtobe
used”forcomparisonpurposes.TheNi3Alissuperiortothecoldpressed
andsinteredtitaniumcarbidecermets(K-152BandK-162B),similarto
theinfiltratedcermsts,andinferiortothehigh-temperaturealloyX-40.

Stress-rupture.- Becausethe14-percent-aluminumalloyhadgreater
strengthatbothroomtemperatureand1500°F, thestress-rupturestrength
ofonlythisalloywasdeterndned.Thesedata”areshownintableVII.
The100-hourstress-rupturelifeat 1500°F wasinterpolatedas8,600psi.
Thesingle-point-rupturedataintableVIIat 1600°and1700°F showthat
therupturestrengthofthealloydoesnotfalloffrapidlywithincre&-
ingtemperature.Becausethefracturedhalvesofthestress-rupturebars
couldnotbe fittedtogether,thestress-ruptureductilitycouldnotbe
determined.

Typeoffracture.- Inalltensile-strength,stress-ruptureYand
impacttestsatroomandelevatedtemperatures,thefracturefaceswere
fi~rous(fig.9)andthefractureswereintergranulsr.Thefibrousna-
tureofthefractureisfurtherindicatedby thefactthatafterfracture

.— .— . -———— -.-— -———— -—.—.. _.. .. -.—..— ——— --—-—---
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theendsofthetestbarscouldnotbe fittedtogether.Inmost,tensile
teststhematerialwouldfractureandadditionalmotionofthetestma-
chinewasrequiredto sepsratetheendsofthebar(asshownin fig.9(c)).

As statedpreviouslytheimpactstrengthofNi3Alissitilartothat
ofsonEofthecermets;however,thefractureisfibrous(fig.9(d))
ratherthanbrittleasinthecaseofthecermets.

MicrostructureofNi3Al

Phaseidentification.- Thelatticeparametersofthe13.3-and14-
percent-aluminumalloysintheas-castandhomogenizedconditionsare
listedintableIII. Withintheaccuracyofthemeasurements,theparam-
etersfallwithintherangeforNi3Alreportedinreference4. Alllines
inthepatternsforthehomogenizedalloysandfortheas-cast14-percent-
aluminumalloycorrespondtothoseofNi3A1.Therewas,however,one
weaklineintheas-cast13.3-percent-al.uminumalloywhichdidnotcor-
respondtotheNi#l pattern.Thelinecorrespondsto thestrong(ill)
nickelline.C!hangesinthelatticeparameteranddensity(table111)
showthatthedensitydecreasesandthelatticeparameterincreaseswith
heattreatment.

Fromthephasediagram(fig.1)itisevidentthatthe13.3-and
14-percent-aluminumalloysshouldformtheNi3Alphaseby differentmech-
anisms. Thestructuresoftheas-castalloystendto confirmthis. In
the14-percent-aluminumalloya plate-like‘structure(seefig.1O(C))can
be notedinthesecondaryphase.Thismaybe theresultofthetransfor-
mationofNiAlthatwasretainedduringthechillcastingtoNi3A1.

In the13.3-percent-aluminumalloy,thediffractionpatterncony
tainedanunidentifiedlinewhichappearedtobe the(ill)nickelreflec-
tion. Onchillcastingthiscomposition,a smallamountoftheterminal
nickelsolidsolution(y infig.1)mightbe retainedandmightaccount
fortheunidentifiedlineobservedinthepattern.

.
Resultsofhomogenizationtreatments.- A dendriticstructureis

evidentintheas-caststructuresofbothcompositions(figs.5(a],(b),
and6(a)).Thetemperatureatwhichthesecondarystructuredisappeared
wasdeterminedforbothalloys.Infigures6 and10,thesolutionOf
tlfesecondarystructureinthestoichiometricNi3Al(13.3percentalumi-
num)phasecanbe followed.Partialsolutionofthesecondarystructure
beginsat1600°F, andonlya little’remainsaftera homogenization
treatmentat 1700°F. At 1800°F, thematerialisa uniformone-phase
structure.At 2000°F, grain,~owthstartedtotakeplaceandcoarsening
continuedat 2200°F.

.
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Theas-caststructureofthe14-percent-aluminumalloywasdifferent
fromthe13.3-percent-aluminumalloyinthatthe14-percent-aluminumal-
loyhasa largeramountofsecondarystructurepresent(figs.5(a)and

k{
6 a ),andthesizeandshapeof secondarystructureisdifferent(figs.
5 and10(a)].Inthisalloy,fineplate-likeprecipitatewithinthe
secondsrystructureisshowninfigure7(c).Homogenizationtreat~nts
at1800°F causethesolutionofthesecondarystructureandproducea
uniformone-phasestructure(fig.7(a)).Heattreatmentat2200°F
causesa coarseningoftheas-castgrainsize(fig.7(b)).Grainbound-
ariesarenotvisibleintheas-caststructurebecauseitwasetchedonly
lightlyto showthesecondarystructure.

SUMMARYOFRESULTS

TWOnickel-altinumalloyswithintheNi3A1-phasefieldwerestudied.
Thefollowingdatawereobtained:

1.Theaverageas-castroom-temperaturetensilestrengthofthe
13.3-percent-aluminumalloywas28,650psiwithl.O-percentelongation.
Homogenizationtreat~ntsat1800°F causeda decreaseintensilestrength -
andductilityto 20,350psiwith0.2-percentelongation.At 1500°F, the
homogenizedalloyhada tensilestrengthof10,900psi.

2.The14-percent-aluminumalloyhadanaverageas-castroom-
temperaturetensilestrengthof39,250psiwith1.2-percentelongation.
Homogenizingat1800°F causeda decreaseinstrengthto 32,100psiwith
0.4-percentelongation.Thehomogenized14-percent-aluminumalloyssll
hada tensilestrengthof19,600psiat1500°F.

3.Coarsegrainsizehasa deleteriouseffectonthetensileproper-
tiesoftheNi3Alintermetallic.Heattreatmentofthe14-percent-
aluminumalloyat22000F produceda coarsegrainsizeanddecreasedthe
room-temperaturetensilestrengthfrom32,100psiwith0.4-ercentelon-~gationto26,250psiwith0.2-percentelongation.The1500 F tensile
strengthdecreasedfrom19,600psito 9,900psiforthecosrse-grained
structure.

4.ThestoichiometricNi.#1intermetallicphasecouldnotbe hot-
rolledorhot-swaged.

5.The100-hourrupturestrengthofthehomogenized14-percent-
aluminumalloywasinterpolatedas8,600psiat1500°F.

—..— .— . . -— —-- --— ___________ . .-..—. —.— —-- .—— ——.—— --—
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Thetensilestrengths
oftheintermetallicNi3Al
andgrainsize.

CONCLUDINGREMARKS “

atroomandelevatedtemperaturesandductil.ity
areverysensitiveto compositionstructure

LewisFlightPropulsionLaboratory

1.

2.

3.

4.

NationalAd%ory CommitteeforAeronautics
Cleveland,Ohio,January4, 1956
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TABLE1. - CHEMICALANAIYSIS.OFSPECIMENS

.

.

Desired Actualcomposition,
composition percentby weight

IPercentby atomsPercentby weightNi Al Fe Si

75Ni+25Al 86.7Ni +13.3Al 86.7013.500.04None

73.6Ni+26.4Al186Ni +14Al 186.0]13.9310.05]None

TABLEII.- ROOM—TEMPERATURETENSILEPROPERTIES ‘

OF ~-C Ni3Al

Composition, Condition Yield Tensile Extensometer
ercentbyweight strength,strength,elongation,
Ni Al psi psi percent

86.7 13.3 As-cast 12,000 30,600 1.1
86.7 13.3 As-cast 13,000 26,700 .9

86.7 13.3 Homogenizedat 10,000 22,200
1800°F for48 hr

0.2

86.7 13.3 Homogenizedat 12,500 18,500
1800°F for48 hr

.2

86 14 As-cast a50,600
86 14 As-cast a15,000 a45,900 “1.7

86 14 As-cast 15,500 39,500 1.2
86 14 As-cast 14,000 39,000 1.2

86 14 Homogenizedat 22,000 32,100‘
1800°F for48 hr

0.4

86 14 Honmgenizedat 21,000 32,100 .4
1800°F for48 br

86 14 Homogenizedat 22,500 26,600
2200°F for48 br

0.1

86 14 Homogenizedat 21,000 25,900 .2
2200°F for48 hr

%ef. 1.

-.

\
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TABLEIv.- HOT-ROLLINGOFSTOICHIOMETRICNi3AI

+

SpecimenRollin@
temper-
ature,
oF

1 2000

T2 2200

3 2400

ESpecimen1

2

lolling
]ehavior

Poor

Poor

Poor

crackingIperpass~
percent

2 0.7

1 0.6

Remarks

Nocracksafterfirst
pass. Edgecracks
aftersecondpass

Nocracksafterfirst
pass. Largeedge
cracksonbothedges
aftersecondpass

Largeedgecracks
bothedges

T.KmEv. - HOT-SWAGINGOFSTOICHIOMETRICMi3D

Swaging
taper-
ature,
oF

2200

2200

Number
of

passes

1

1

ReductionRanarks
inarea,
percent

2.0 Cracksnormal
toaxisofbar

2.3 Cracksnormal
to=S ofbar

—- .-. —.— ---- ---- -—_ .—. -.-—. — -—- — . . ..— — ———
,,



14

TABLEVI. -

Composition,
percentby
weight
Nil Al

NACATN 3660

ELEVATED-TEMPERATURETENSILESTKENGTHS

OF INTERMET!AILICIii.Al ~
.J

86.7
86.7
86.7

86.7
86.7

13.3
13.3
13.3

13.3
13.3

1800
1800
1800

1800.
1800

48
48
48

48
48

1.1,800
10,700
10,200

12,450
10,700

1500
150Q
1500

1700
1700

86.7
86.7

13.3 1800 48 9,350 1800
13.3 1800 48 7,450 1800

86 14 1800 48 19,700 I 1500
86 14 1800 48 19,500 1500

86 14 2200 48 9,900 1500

TABLEVII.- STRESS—RUPTUREPROPERTIES

HOMOGEM7ZEDNICKEL—ALUMINUMALLOY

CONTAINING14PERCENTALUKDWM

%ress
psi

.0,000

7,500

5,000

5,000

5,000

Life,
hr

61.2

159.5

668.8

163.3

57.7

Test
temperature

OF

1500

1500

1500

1600

1700 ‘

OF

.
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